
US007526859B2 

(12) Ulllted States Patent (10) Patent N0.: US 7,526,859 B2 
Sasaoka et a]. (45) Date of Patent: May 5, 2009 

(54) APPARATUS FOR MANUFACTURING A (58) Field of Classi?cation Search ......... .. 29/729i743, 
WIRING BOARD 29/8254830, 564.1, 33 M; 198/346.1, 465.1, 

198/4652, 487.1; 414/222, 752.1, 751.1 
(75) Inventors: Kenji Sasaoka, Zama (JP); Fumitoshi See application ?le for Complete Search history 

IkegayaeEbma (JP); Takahiro Mori, (56) References Cited 
Kawasaki (JP); Tomohisa Motomura, 
lnagi (JP); Yoshizumi Sato, Yokohama U-S- PATENT DOCUMENTS 
(JP); K0ichir0 Shibayama, KuWana (JP) 2,972,003 A 2/ 1961 Greenman et al. 

2,986,804 A 6/1961 Greenman et al. 
(73) Assignee: Dai Nippon Printing Co., Ltd., Tokyo 3,720,808 A 3/1973 Morrissey 

(JP) 4,079,509 A 3/1978 Jackson et al. 
4,226,569 A * 10/1980 Gerard et al. ............. .. 414/737 

. . . . . 4,243,869 A 1/1981 S 'b 

( * ) Nome: sublectfo any dlsclalmeri the term Ofthls 4,391,511 A * 7/1983 Ackrilyzilrfira et a1. ............ .. 355/40 
patent is extended or adjusted under 35 4,411,982 A 10/1983 Shibuya et 31‘ 
USC 154(b) by 221 days. 4,584,767 A 4/1986 Gregory 

4,659,425 A 4/1987 Eggers et al. 
21 A l. NO.Z 11/580,162 4,752,180 A * 6/1988 Yoshikawa ................ .. 414/737 PP 

4,890,241 A * 12/1989 Hoffman et al. .. 700/255 

(22) Filed; Oct 13, 2006 5,218,753 A * 6/1993 Suzuki et a1. ............... .. 29/740 
5,285,565 A 2/1994 Ballard et a1. 

Prior Publication Data 5,421,080 A 6/1995 Bellavance 6t {11. 
5,433,819 A 7/1995 McMeen 

US 2007/0044294 A1 Mar. 1, 2007 (Continued) 

Related US. Application Data Primary ExamineriMinh Trinh 
. . . . . (74) Attorney, Agent, or FirmiFinnegan, Henderson, 

(62) Division of application No. 11/023,478, ?1ed on ‘Dec. FarabOW’ Garrett & Dunner’ LLP' 
29, 2004, noW Pat. No. 7,134,193, Wh1ch1s a division 
of application No. 09/897,998, ?led on Jul. 5, 2001, (57) ABSTRACT 
noW Pat. No. 6,865,801, Which is a division of appli- Th t f f m _ _ _ b nut 
cation No. 09/093,605, ?led on Jun. 9, 1998, noW Pat. .e aPPara ‘15 or mam? ac “.ng .a Wmng Su 51 .e 90m‘ 
NO 6 507 995 prises a transporter having a circuit Where a sheet is circu 

' ’ ’ ' lated; a screen printer for printing a conductive paste on the 

. . . . . sheet; a counter for counting the number of times to print the 
(30) Forelgn Apphcatlon Prmnty Data conductive paste on the sheet; and a distributor for ejecting 

Jun. 12, 1997 (JP) ............................... .. P9-155462 the sheet from the circuit When the counted number reaches a 
preset number. Thus, the conductive pillars having uniform 

(51) Int. Cl. ro erties can be formed automaticall on the conductive foil P P y 
B23P 19/00 (2006.01) With high productivity. 

(52) US. Cl. ........................... .. 29/738; 29/729; 29/739; 
29/755; 414/752.1 2 Claims, 17 Drawing Sheets 



US 7,526,859 B2 
Page2 

U.S. PATENT DOCUMENTS 5,865,934 A 2/1999 Yamamoto et a1. 
5,976,391 A 11/1999 Belke 6161. 

5,590,455 A * V1997 Karo eta1~ --------------- -- 29/5641 6,435,401 Bl* 8/2002 Miitsu e161. .............. .. 228/264 

5,600,103 A 2/1997 Odaira eta1~ 6,651,316 B2* 11/2003 Isogaietal. ................ .. 29/739 
5,715,592 A * 2/1998 MOIi e161. .................. .. 29/762 

5,822,850 A 10/1998 Odaira et a1. * cited by examiner 



US. Patent May 5, 2009 Sheet 1 0f 17 US 7,526,859 B2 

FIG. 1 

12 ’» 
PRINTING 
MEANS 

‘\ 11 TRANSPORTING 
MEANS 

EJECTING 
MEANS 

FIG. 2 

LOAD 

RECIRCULATION 

C=C+1 

NO 

YES 

EJECT 



US. Patent 

12 

May 5, 2009 

PRINTING 
MEANS 

FIG. 

21 
/ 

Sheet 2 0f 17 US 7,526,859 B2 

CPU 

COUNTER 

EJECTING 
MEANS 
CONTROL 
CIRCUIT 

ROM 

EEPROM ~23 



US. Patent May 5, 2009 Sheet 3 0f 17 US 7,526,859 B2 

C 



US. Patent May 5, 2009 Sheet 4 0f 17 US 7,526,859 B2 

/ 
C 
/ L E 3 

om .OE mm .wI 



US. Patent May 5,2009 Sheet 5 0f 17 US 7,526,859 B2 

PRINTING DRYING 
MEANS MEANS 

1 3 ~ 
EJECTING RECIRCULATION 

MEANS \ 
1 1 

EJECT 

1 1 a 1 1b 

12a 20 12b 
8 / H 

PRINTING DRYING PRINTING 
MEANS MEANS MEANS 

EJECTING 
MEANS 13 

l I 



US. Patent May 5, 2009 Sheet 6 0f 17 US 7,526,859 B2 

8m 8m .2 @ 8m 3m /, / i > / / Y A 

Llhlr LII; Qvm), ,)\ own 

.7, a J_ V , , ,V 

w .QI 



US. Patent May 5,2009 Sheet 7 0f 17 US 7,526,859 B2 

52 

56 

FIG. 9 





US. Patent May 5, 2009 Sheet 9 0f 17 US 7,526,859 B2 

FIG. 11A 

54.55 

61 p ................. .I; ............... "i; l " V ................... ................ 



US. Patent May 5, 2009 Sheet 10 0f 17 US 7,526,859 B2 

FIG. 12A 
54.55 

./ 

i 

FIG. 12B 



US. Patent May 5, 2009 Sheet 11 0f 17 US 7,526,859 B2 

13 FIG 



US. Patent May 5, 2009 Sheet 12 0f 17 US 7,526,859 B2 

WITH 
ADJUSTING 
MEANS 

WITHOUT 
TENS'ON ADJUSTING 

MEANS 

TIME . T 



US. Patent May 5, 2009 Sheet 13 0f 17 US 7,526,859 B2 

.16 



US. Patent May 5, 2009 Sheet 14 0f 17 US 7,526,859 B2 

/ _. -- - 

Q8 , \ \ mm 

L... 



US. Patent May 5, 2009 Sheet 15 0f 17 US 7,526,859 B2 

FIG. 18 



US. Patent May 5, 2009 Sheet 16 0f 17 US 7,526,859 B2 

19A 

198 FIG 

91a 



US. Patent May 5, 2009 Sheet 17 0f 17 US 7,526,859 B2 

mm 

mm 

om .OE 



US 7,526,859 B2 
1 

APPARATUS FOR MANUFACTURING A 
WIRING BOARD 

This is a divisional application of Us. patent application 
Ser. No. 11/023,478, ?led Dec. 29, 2004 noW U.S. Pat. No. 
7,134,193, Which is a divisional application of Us. patent 
application Ser. No. 09/897,998, ?led Jul. 5, 2001 (noW U.S. 
Pat. No. 6,865,801, issued Mar. 15, 2005), Which is a divi 
sional application of Us. patent application Ser. No. 09/093, 
605, ?led Jun. 9, 1998 (noW U.S. Pat. No. 6,507,995, issued 
J an. 21, 2003), Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an apparatus for manufacturing a 

multi-layered Wiring board, and more particularly to an appa 
ratus for manufacturing a multi-layered Wiring board having 
interlayer connection made by conductive pillars. The inven 
tion also relates to an apparatus for manufacturing a multi 
layered Wiring board having conductive pillars formed on a 
conductive foil and an apparatus for manufacturing a multi 
layered Wiring board having a conductive foil having conduc 
tive pillars laminated With an insulating resin layer. 

2. Description of the Related Arts 
Demands for high-density mounting of electronic ele 

ments are increasing as various types of electronic equipment 
are made compact and highly advanced in performance. In 
response to such demands, a type of Wiring board, such as 
printed Wiring board being used extensively is a multi-layered 
Wiring board Which has a laminated structure With insulating 
layers and Wiring layers alternately overlaid. The multi-lay 
ered Wiring board has Wiring layers overlaid into a multi 
layered structure in order to respond to the demands for high 
density and high performance. Interlayer connection of a 
plurality of Wiring layers has been established by PTH (pated 
through hole(s)). 

The multi-layered Wiring board With via holes such as 
PTHs for interlayer connection of Wiring layers has a disad 
vantage that it is not easy to comply With the demands for 
high-density mounting. 

For example, Wiring or mounting of electronic elements 
cannot be made in an area Where a through hole is formed. 
Therefore, improvement of Wiring density and high-density 
mounting is limited. In these years, Wiring of the printed 
Wiring board is also made to have high density as electronic 
elements are mounted in high density. When through holes 
are made to have a small diameter to comply With ?ne pat 
terning of Wiring, there is a problem that reliable interlayer 
connection is hardly assured. 

In addition, for the interlayer connection With through 
holes, a through hole forming step and a plating step are 
involved, making the manufacturing process lengthy, and it is 
also disadvantageous in vieW of productivity. 

For example, a step for forming through holes requires to 
make holes one by one by drilling and takes a long time. 
Especially, When through holes are drilled so to have a smaller 
diameter in this step, productivity is extremely loWered. 
Besides, after forming the through holes, a polishing step for 
removing burrs and a plating step are required. 

Furthermore, positions Where through holes are formed are 
required to be determined With high precision. It is also nec 
essary to consider adhesion of plating to the inner Walls of the 
through holes. Therefore, accuracy and conditions to form the 
through holes are complex to control, and productivity is 
decreased. 
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2 
Especially, When the through hole has a diameter of about 

0.2 mm or beloW, its formation takes a long time, and pro 
ductivity is heavily decreased. Such problems can be rem 
edied When a multi-layered Wiring board is formed by making 
interlayer connection by means of conductive pillars to be 
described afterWard. 

In addition, a plating step, that electrical connection among 
a plurality of Wiring layers is made With through holes, has to 
make a complex control to adjust a density of chemicals and 
a temperature. Besides, an apparatus for forming through 
holes and a facility for plating constitute a heavy burden in 
vieW of costs. 

As described above, When the interlayer connection is 
made for the multi-layered Wiring board using the through 
holes, productivity of the Wiring substrate such as a printed 
Wiring board (PWB) is decreased. Therefore, such a multi 
layered Wiring board is hard to comply With a demand for loW 
cost. 

To simplify the electrical connection among the Wiring 
layers of the multi-layered Wiring board, there is also pro 
posed a method to connect the Wiring layers With the conduc 
tive pillars. This method forms conductive pillars, such as via 
lands, as interlayer connections formed on a Wiring circuit, 
and inserts the conductive pillars into the interlayer insulating 
layer such as a prepreg in its thickness direction to connect 
With the via lands formed on the opposed Wiring layer. 
The interlayer connection of the Wiring circuit using the 

conductive pillars has advantages that a structure is simple, 
steps are not many, productivity is high, and high-density 
mounting can be made. HoWever, a printed Wiring board 
having the interlayer connection of Wiring circuits using the 
conductive pillars has disadvantages to be described as fol 
loWs. 
The conductive pillars are formed on a conductive foil such 

as a copper foil by screen printing a plurality of times using a 
mask. HoWever, no apparatus Was available to print those 
pillars automatically. In making multiple printings by the 
manpoWer, it is dif?cult to keep a ?xed time interval betWeen 
respective printing steps, and the conductive pillars formed 
do not have uniform quality. Additionally an aspect ratio of 
the conductive pillars can be adjusted by the number of print 
ing times, but management of the number of times to print on 
very many conductive foils becomes a very large burden 
decrease a productivity. 

FIG. 19A and FIG. 19B are diagrams schematically shoW 
ing a step of producing a multi-layered Wiring board using 
conventional conductive pillars, Wherein an insulating resin 
layer is pierced by the conductive pillars Which are formed on 
a conductive foil. 

It is seen that a conductive foil 52 such as a copper foil 
having conductive pillars 51 having a substantially conical 
shape is laminated With an insulating resin layer 53 such as a 
prepreg in a semi-cured state (B-stage), then heated and 
pressed by a plane press to pierce the insulating resin layer 53 
by the conductive pillars 51. Reference numerals 91a, 91b, 
denote press plates of the plane press. To keep the shape of the 
conductive pillars 51, a releasing sheet 56 is placed on the 
insulating resin layer 53. 

HoWever, the plane press is hard to press uniformly the 
entire area of the laminate. Therefore, all the conductive 
pillars 51 formed on the conductive foil 52 cannot pierce the 
insulating resin layer 53 satisfactorily due to non-uniform 
pressing. The conductive pillars 51 serve to make intercon 
nection of the Wiring layers of the multi-layered Wiring board, 
so that such defective piercing is directly related to a failure of 
the multi-layered Wiring board. 


















